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Abstract 
The objective of this research is to investigate the effect of using unleaded 
gasoline-ethanol blends on the performance of an unmodified SI engine. A 
four stroke, four cylinders, water-cooled SI engine (type Toyota, 12 R) 
with a carburetor fuel system was used for conducting this study. 
Performance tests were carried out to obtain brake thermal efficiency, 
brake power, engine torque, brake mean effective pressure and brake 
specific fuel consumption. In these tests unleaded gasoline-ethanol blends 
with different percentages of fuel were implemented. Three fuels were 
used in the tests: 90 Octane unleaded gasoline (E-0), 95% gasoline and 5% 
ethanol (E-5), 90% gasoline and 10% ethanol (E-10) and 15% ethanol and 
85% gasoline (E-15). Tests were conducted at one-fourth, one-eighth 
throttle opening positions and at variable engine speed ranging from 500 
to 3000 rpm. The results showed that blending unleaded gasoline with 
ethanol increases the brake power, torque, and brake thermal efficiencies 
and fuel consumption, while it decreases the brake specific fuel 
consumption. The E-10 ratio gave the best brake power against speed 
when compared to other tests.                                                                   
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  ﺺ َﻠْﺨَﺘْﺴُﻣ
 
 
ﺣﺘﺮاق إ  واﻻﻳﺜﺎﻧﻮل ﻓﻲ ﻣﺤﺮكﺳﺘﺨﺪام ﻣﺰﻳﺞ اﻟﺒﺘﺮولإﺛﺮ  ﻣﻦ أاﻟﻬﺪف ﻣﻦ هﺬا اﻟﺒﺤﺚ اﻟﺘﺤﻘﻖ 
  .داﺧﻠﻲ ﺑﻤﺎآﻴﻨﺔ ﻏﻴﺮ ﻣﻌﺪﻟﺔ ﺗﻌﻤﻞ ﺑﺎﻟﺸﺮارة
 رﺑﺎﻋﻲ اﻻﺷﻮاط  )R21(   ﺑﺎﺳﺘﺨﺪام ﻣﺤﺮك ﺑﺘﺮول ﻃﺮاز ﺗﻮﻳﻮﺗﺎ  آﻮرﻻﺗﻢ اﺟﺮاء ﺗﺠﺎرب ﻣﻌﻤﻠﻴﺔ 
  ﺑﺠﺎﻣﻌﺔ اﻟﺴﻮدانﺑﻤﻌﻤﻞ اﻟﺤﺮارﻳﺎت  ﻧﻈﺎم اﻟﻮﻗﻮد ﻓﻴﻪ ﻣﺒﺨﺮﺑﺎرﺑﻌﺔ اﺳﻄﻮاﻧﺎت
 وﻣﻘﺎرﻧﺔ اﻟﻨﺘﺎﺋﺞ اﻟﻤﺘﺤﺼﻞ ﻋﻠﻴﻬﺎ ﻣﻊ ﺧﻠﻴﻂ اﻻﻳﺜﺎﻧﻮل 09اﻟﺒﻨﺰﻳﻦ ذو اﻟﺮﻗﻢ  اﻻوآﺘﻴﻨﻲ اﺳﺘﺨﺪام ﺗﻢ  
  .ﺨﻠﻴﻂﺑﺎﻟﺤﺠﻢ ﻣﻦ اﻟ %51و %01 و %5واﻟﺒﻨﺰﻳﻦ ﺑﻨﺴﺐ 
ﺟﺮﻳﺖ ﻟﻠﺤﺼﻮل ﻋﻠﻲ اﻟﻜﻔﺎءة اﻟﺤﺮارﻳﺔ اﻟﻔﺮﻣﻠﻴﺔ واﻟﻘﺪرة اﻟﻔﺮﻣﻠﻴﺔ وﻋﺰم اﻟﻤﺤﺮك إاء إﺧﺘﺒﺎرات اﻹد
 ﻣﻊ ﺗﻐﻴﺮات ﻓﻲ اﻟﺴﺮﻋﺔ 8/1و4/1 وﻋﻨﺪ ﻓﺘﺤﺘﻴﻦ ﻣﺨﺘﻠﻔﺘﻴﻦ ﻟﻠﺨﺎﻧﻖ ﺳﺘﻬﻼك اﻟﻮﻗﻮد اﻟﻨﻮﻋﻲإوﻣﻌﺪل 
  . ﻟﻔﺔ ﻓﻲ اﻟﺪﻗﻴﻘﺔ0001-005ﺗﺘﺮاوح ﻣﻦ 
زﻳﺎدة ﻓﻲ اﻟﻘﺪرة اﻟﻔﺮﻣﻠﻴﺔ واﻟﻌﺰم % 01و%  5 اﻟﻨﺘﺎﺋﺞ اﻧﻪ ﻓﻲ ﺣﺎﻟﺔ اﺳﺘﺨﺪام ﻧﺴﺒﺔ ﺧﻠﻴﻂﻇﻬﺮتأ
ك  اﻟﻨﻮﻋﻲ   ﻟﻠﻮﻗﻮد ﻧﺘﻴﺠﺔ  ﻻﻧﺨﻔﺎض واﺳﺘﻬﻼك اﻟﻮﻗﻮد واﻟﻜﻔﺎءة اﻟﺤﺮارﻳﺔ ﻣﻊ ﻧﻘﺼﺎن ﻓﻲ اﻻﺳﺘﻬﻼ
  .ﻳﺔ ﻟﻼﻳﺜﺎﻧﻮلراﻟﻘﻴﻤﺔ اﻟﺤﺮا
 هﻲ اﻻﻋﻠﻲ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻨﺴﺐ اﻻﺧﺮي%01 وﻗﺪ اﺛﺒﺘﺖ اﻟﺘﺠﺎرب ان اﻟﻘﺪرة اﻟﻨﺎﺗﺠﺔ ﻣﻦ ﻧﺴﺒﺔ اﻟﺨﻠﻴﻂ 
 ﻧﺴﺒﺔ ﻟﻠﻘﻴﻤﺔﻓﻘﻂ    ﻋﻨﺪ اﻟﺴﺮﻋﺎت اﻟﻌﺎﻟﻴﺔ واﻗﻞ اﺳﺘﻬﻼك ﻟﻠﻮﻗﻮد ﻋﻨﺪﻣﺎ ﻳﺘﻢ ﺗﺸﻐﻴﻞ اﻟﻤﺎآﻴﻨﺔ ﺑﺎﻟﺒﺘﺮول 
  . ﺔ ﻟﻪاﻟﺤﺮارﻳﺔ اﻟﻌﺎﻟﻴ
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 Chapter one 
Introduction 
1.1 Introduction  
The world is on the brink of an energy crisis. The limited fossil fuel resources 
are unable to provide for the continuously increasing demand for energy. This, 
associated with increasing prices of fossil fuels and the awareness of the impacts 
of environmental pollution and global warming, has forced a search for an 
alternative source of energy, which is renewable, safe and non-polluting [1]. The 
most promising substitutes for petroleum fuels are alcohols–mainly, methanol 
and ethanol [2].  
Alcohols can be readily made from a number of non–petroleum sources. 
Methanol or methyl alcohol (CH
3
OH) can be produced from coal, a relatively 
abundant fossil fuel. Ethanol or ethyl alcohol (C
2
H
5
OH) can be produced by the 
fermentation of carbohydrates, which occur naturally and very abundantly in 
some plants like sugarcane, and from starch  like corn, manioc and potatoes [3]. 
Hence, these fuels can be produced from highly reliable and long – lasting, 
renewable raw material sources. It has been known since the invention of the 
internal combustion engine that alcohols could be used as a motor fuel [2]. 
 Alcohols were used in vehicles in the early part of this century, until low-cost-
at-that-time gasoline nearly forced them off the market. Since World War II, the 
use of alcohol as a motor fuel has been reduced to less than one tenth of the pre–
World War II levels except in countries like Brazil, Cuba and the Philippines 
where there are large supplies of sugar cane.  And again since early 1970’s, 
many countries began to search for alternative fuels when the OPEC increased 
the price of a barrel of crude oil from US $ 3 to a phenomenal and shocking US 
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$ 45. Brazil is one of the countries, having land and favorable climate that went 
into the use of ethanol as an automobile fuel in a large way, particularly, because 
the country went bankrupt [4]. It has been estimated that nearly half of the 
current non-renewable petroleum demand equivalent to about 20% of the 
world’s energy consumption is being used by 550 million automobiles. This 
clearly indicates that the vehicles form the predominant source of regulated and 
unregulated pollution. It has been established beyond doubt that the tail pipe 
emissions contribute significantly to climate change.  
The vehicle population continues to increase exponentially and by the year 2010 
about 1.1 billion cars are expected to be in use in the world. Unregulated Carbon 
dioxide emissions, a prominent green house gas, will increase by 65% over the 
current levels due to large scale use of fossil fuels. To bring down drastically 
carbon emissions and sustain them over a period of time require a change in the 
concepts of production and use of transportation vehicles. Tremendous advances 
have been made in the development of power trains of modern cars which 
consumes half to one third the amount of fuel producing 90% less tail pipe 
emissions compared to automobiles in use two decades ago. However there is an 
urgent need to address the problems of depleting fossil fuel sources and 
increased green house gas emissions. Attempts are being made at international 
level to address these issues and among other possible solutions, the use of 
Biomass Ethanol needs special attention especially for a tropical and agriculture 
based country like Sudan. Its use as a transportation fuel has been widespread in 
Brazil and it is becoming popular in USA. Ethanol can be derived from different 
sources of biomass such as sugar cane molasses, beats, corn, sorghum, potatoes 
and others.  
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The effective use of Ethanol either as a neat fuel or as a mixture with gasoline 
has been proved to be technically feasible and environmentally acceptable for 
quite sometimes. Some of the issues involved and strategies to be developed for 
the effective utilization of Ethanol as a fuel in the transportation sector in Sudan 
with special reference to the desirability of developing Flexible Fuel Vehicles as 
a long term objective for controlling environmental degradation due to tail pipe 
emissions are presented and discussed. Based on experiences in Brazil and USA, 
Sudan can develop a sustainable and viable Ethanol fuel program which has been 
started in kenana sugar cane by establish a new factory to produce ethanol with 
capacity of (60 million litter) per year. 
1.2 Objectives 
The project objectives are to: 
1. Investigate the effect of blends of 5%, 10%, 15% v/v ethanol gasoline 
blends on performance of an unmodified SI engine and compare results 
with that when using pure gasoline under different operating conditions 
without adding any oxygenates. 
Setting the ethanol blend ratio limit in gasoline when using unmodified SI 
engine. 
1.3Thesis Outlines 
The thesis consists of five chapters.  
Chapter 1 gives an introduction to the subject and objectives of this research.  
Chapter 2 explain Ethanol background and Literature review as a fuel in 
combustion engines, as well as the environmental impact caused by the use of 
ethanol as a fuel,. 
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Chapter 3 experimental apparatus, set-up and the Experimental procedure is 
covered.  
Chapter 4 presents experimental results   and discussion which also contains the 
comparison itself.  
Chapter 5 gave the conclusions and recommendations for future work.  
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Chapter two 
Theory and Literature review 
2.1 Historical background 
The idea of using ethanol as a motor fuel dates back to the early 1800s. In 1826, 
Samuel Morey developed an engine that run on ethanol and turpentine. In 1860, 
the German engine inventor, Nicholas Otto, used ethanol as the fuel in one of his 
engines. Moreover, in 1908 Henry Ford adapted his Model T to run on either 
gasoline or alcohol [5].In 1917, Alexander Graham Bell noted the benefits of 
alcohol fuel in a commencement address which was published in the National 
Geographic [6]. With gasoline relatively inexpensive, though, alcohols did not 
achieve a substantial market as a fuel. In the 1930s, the Depression brought a 
new interest in farm products, and ethanol and gasoline were blended for the first 
time. 
 The American Automobile Association conducted the first testing program in 
1933. During the 1930s, ethanol fuel gained market share in other countries such 
as Germany, Brazil, New Zealand and France. With the oil crises of the 1970s, 
ethanol became more established as an alternative fuel. Various countries, 
including Brazil and the United States, undertook national programs to promote 
domestically-produced ethanol. In addition to the energy rationale, 
ethanol/gasoline blends in the United States were promoted as an 
environmentally-driven practice‚ first as an octane enhancer to replace lead and 
then more recently as an oxygenate in clean-burning gasoline to reduce vehicle 
exhaust emissions. 
 Brazil has promoted ethanol from sugar cane as an alternative fuel, used both in 
ethanol/gasoline blends and in dedicated ethanol vehicles. As of 1996, after over 
twenty years of varying degrees of government support for ethanol, Brazil uses 
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about 3.5 million gallons of ethanol annually to supply about 40 percent of its 
automotive fuel use [7]. Other countries currently producing and using ethanol 
fuel include France, Korea, Mexico, Australia, Canada and Sweden. In the 
United States, ethanol supplies represent one percent of the highway motor 
vehicle fuel market—in the form of ethanol/gasoline blends.    
 2.2 Literature review  
Ethanol (C2H5OH) is a pure substance, while, gasoline is composed of C4–C12 
hydrocarbons, and has wider transitional properties. Ethanol contains an oxygen 
atom so that it can be viewed as a partially oxidized hydrocarbon. Ethanol is 
completely miscible with water in all proportions, while the gasoline and water 
are immiscible [8]. This may cause the blended fuel to contain water, and further 
result in the corrosion problems on the mechanical components, especially for 
components made of copper, brass or aluminum. To reduce this problem on fuel 
delivery system, such materials mentioned above should be avoided [9]. 
Ethanol can react with most rubber and create jam in the fuel pipe. Therefore, it 
is advised to use fluorocarbon rubber as a replacement for rubber [10]. On the 
combustion characteristics, the auto-ignition temperature and flash point of 
ethanol are higher than those of gasoline, which makes it safer for transportation 
and storage. The latent heat of evaporation of ethanol is 3–5 times higher than 
that of gasoline; this makes the temperature of the intake manifold lower, and 
increases the volumetric efficiency.  
The heating value of ethanol is lower than that of the gasoline. Therefore, we 
need 1.6 times more alcohol fuel to achieve the same energy output. The 
stiochiometric air–fuel ratio (AFR) of ethanol is about 2/3 that of the gasoline, so 
the required amount of air for complete combustion is lesser for alcohol. 
  
7 
 
2.3 Ethanol as an automotive fuel 
Ethanol (ethyl alcohol) is a clear, colourless liquid with a faint odour. It has a 
high latent heat of vaporization and contains oxygen, characteristics that are 
relevant to its environmental performance in combustion as a motor fuel, and in 
its storage and distribution.  
Ethanol can be produced in two forms: hydrated and anhydrous. Hydrated 
ethanol, usually produced by distillation from biomass fermentation, contains 
95% ethanol with the balance being water. It is suitable for use as a straight 
spark ignition fuel in warm climates or for blending as a 15% emulsion in diesel. 
A further process of dehydration is required to produce anhydrous ethanol (100% 
ethanol) for blending with petrol. 
 As ethanol is an excisable product, being the active ingredient of alcoholic 
drinks, it may only be produced by a licensed distillery. Most industrial ethanol 
is denatured (to prevent oral consumption), by the addition of small amounts (1-
5 %) of unpleasant or poisonous substances. 
 Ethanol can be used as an automotive fuel by itself and can be mixed with petrol 
to form an ethanol/petrol blend. The most common uses are: 
a. 10% ethanol (known as E10); (gasohol) 
b. 85% ethanol (known as E85); this blend is used in some states of 
the US and requires particular vehicle technology known as 
‘Flexible Fuel Technology’ (FFT). 
c. 20 - 24% ethanol (known as E22); this blend, used in Brazil, 
requires specific vehicle optimization (re-calibration and component 
changes)  
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100% ethanol (E100); this is also used in Brazil and requires vehicle Technology 
dedicated to the fuel. Ethanol is a known ‘octane enhancer’ and ‘oxygenate’. An 
octane enhancer is a component added to petrol to increase, in this case, the 
research octane number and to reduce engine knock .An oxygenate is a fuel 
octane component containing hydrogen, carbon and oxygen in its molecular 
structure.  
Oxygenates are often added to petrol to increase octane, to extend petrol supplies 
and to induce a lean shift (‘enleanment’) in the engine's operation. Oxygenates 
chemically ‘enlean’ the fuel by providing it with additional oxygen, altering the 
air/fuel ratio and thereby improving combustion and reducing tailpipe emission 
of carbon monoxide (CO) for vehicles where no feed-back control of the air/fuel 
ratio exists (i.e. open-loop). Ethanol blends tend to result in reduced emissions of 
carbon monoxide (CO); hydrocarbons (HCs); particulate matter; and certain 
known carcinogens. However, ethanol blends are likely to increase emissions of 
aldehydes, particularly acetaldehyde. 
 Ethanol can be considered as a renewable fuel when produced sustainably from 
agricultural sources and has potential for greenhouse gas emissions abatement. 
Whether this potential is realized depends on the feedstock and the technology 
used in the production process, especially the nature of energy inputs used in 
biomass production, transportation, distillation and other phases, as well as on 
the distribution and blending procedures.                                                         
2.4 Fuel Property Changes with Ethanol Addition 
The addition of ethanol to gasoline results in changes to the properties of the 
fuel. When fuel properties change they can affect the vehicle performance in 
many ways. This includes exhaust and evaporative emissions, fuel economy, 
drivability, full load performance (power) and durability.The extent to which 
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changes in fuel composition affects these vehicle performance qualities are very 
dependent on the vehicle itself, including engine design, fuel system and control 
system, as well as emissions control equipment .Table (2.1) summaries the some 
of the major properties of gasoline, ethanol, and mixtures of 10% and 20% (by 
volume) ethanol with gasoline.                            
Table (2.1) Properties of Gasoline, Ethanol and Gasoline/Ethanol Blends 
Property  Gasoline  Ethanol 10% Ethanol / 
Gasoline Blend  
20% Ethanol / 
Gasoline  
         Blend
 
 
 
  Specific Gravity  
@ 15.5 °C  
 
0.72 - 0.75  
 
0.79  
 
0.73 – 0.76  
 
0.735 – 0.765 
Heating Value  
(MJ/kg)  
(BTU/lb)  
 
43.5 
18,700 
 
27.0 
11,600 
 
41.9 
18,000 
 
40.0 
17,200 
Heating Value  
(MJ/litre)  
(BTU/gal)  
 
32.0 
117,000 
 
21.3 
76,000 
 
30.9 
112,900 
 
29.9 
109,000 
Approx Reid  
Vapour Pressure  
@37.8ºC (kPa) 
 
59.5 
 
17 
 
64.0 
 
63.4 
Stoichiometric  
Air/Fuel Ratio  
 
14.6 
 
9 
 
14 
 
13.5 
Oxygen Content  
(% by weight)  
 
0.0 
 
35 
 
3.5 
 
7.0 
 
The effect of adding ethanol to gasoline is to oxygenate the fuel. The higher the 
ethanol blend, the higher the oxygen content in the fuel. Figure (2.1) shows the 
linear increase in oxygen as the % of ethanol is increased [11]. The increased 
oxygen in the fuel changes the stiochiometric air/fuel ratio of the fuel. The 
stiochiometric air/fuel ratio is the chemically correct or theoretical air to fuel 
ratio which provides the minimum amount of oxygen for the conversion of all 
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the fuel into completely oxidized products. (For a hydrocarbon-based fuel, this 
means that all the carbon in the fuel is converted to CO2 and the hydrogen to 
water, H2O). If there is no compensation for this change in stiochiometric air/fuel 
ratio and the engine is operated at the same mass air/fuel ratio, there is, in effect, 
a change to the mixture strength as the ethanol content in the fuel is increased. 
Mixture strength is normally referred to in two non-dimensionalised terms. The 
first is equivalence ratio, which is the ratio of the theoretical stiochiometric 
air/fuel ratio and the actual air/fuel ratio, i.e.: As the mixture becomes more fuel 
rich (mixture strength increases), the equivalence ratio is increased. The other 
term often used is relative air/fuel ratio (or lambda), often expressed as the 
symbol λ. The relative air/fuel ratio is the inverse of the equivalence ratio ;that :  
λ  = (Actual A/F Ratio)/(Stoichiometric A/F Ratio) 
As the mixture becomes fuel rich, the relative air/fuel ratio is reduced.  
 
Figure (2.1) Oxygen content for ethanol blended fuels 
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Figure (2.2) shows how the mass air/fuel ratio corresponding to stiochiometric 
(λ = 1) mixture strength changes with the addition of ethanol to gasoline .From 
this figure ,it is clearly seen that gasoline has a stiochiometric air/fuel ratio of 
approximately 14:1 while 20 % blend of ethanol and gasoline has a 
stiochiometric air/fuel ratio of approximately 13.5:1 .Also shown in this figure is 
the fuel metering characteristic line .Therefore ,changes in fuel density will 
change the mass of fuel delivered .As ethanol has a higher density than gasoline ,
as the ethanol content is increased ,the fuel mass is increased for a given 
injection system setting .By definition ,this increase in mass results in a 
reduction of the mass air/fuel ratio ,as is shown by the fuel metering 
characteristic line .This increase in mass partially compensates (but nowhere 
near sufficiently) for the reduction in stiochiometric air/fuel ratio as the ethanol 
content increases [12]. 
 
Figure (2.2) Stiochiometric air/fuel ratio of ethanol blended fuel 
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Figure (2.3) shows how the relative air/fuel ratio (λ) of the mixture changes with 
change in ethanol content for a constant volume of fuel delivered .It is assumed 
that the volume ratio of air and fuel equates to a stiochiometric mass air/fuel 
ratio, i.e. ( λ = 1) for gasoline only fuel .As the ethanol content increases ,the 
mixture becomes) fuel (leaner for the same volume of fuel delivered ,as 
demonstrated by the increase in lambda .This phenomenon is also often referred 
to as“ enleanment” of the mixture [13].  
 
 
Figure (2.3) Relative Air/Fuel ratio (λ) vs. ethanol blend for constant fuel 
delivery volume 
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2.4.1 Ethanol Blended Fuel Volatility  
Evaporative emissions are influenced by the volatility of the fuel. An increase in 
RVP (Reid Vapour Pressure – a measure of the fuel volatility) due to the 
presence of oxygenates such as ethanol, will give a corresponding increase in 
evaporative emissions [14]. When small amounts of ethanol are added to 
gasoline, the vapour pressure of the mixture is greater than the vapor pressure of 
either the gasoline or alcohol alone. The molecules of pure alcohol are strongly 
hydrogen-bonded, but with small amounts of alcohol in a non-polar material (i.e. 
gasoline) the hydrogen bonding is much less extensive and the alcohol molecules 
behave in a manner more in keeping with their low molecular weight. Thus the 
alcohol becomes more volatile. For automotive fuels, this volatility is defined as 
the RVP measured at 37.8 deg C. When ethanol is added to gasoline, the RVP of 
the blend is increased by about 7kPa for 5 to 10% by volume ethanol content. 
The RVP gradually declines when the ethanol content exceeds 10%, and at 
between 30 to 45% becomes equivalent to the base gasoline volatility.  Figure (2-
4)shows RVP of the fuel for different ethanol blend content. The RVP only drops 
consistently below the petrol RVP with blends of ethanol greater than 30%.  
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Figure (2.4) Reid Vapour Pressure with High Blend Ethanol; solid line – 
Furey & Jackson [15], dashed line – Guerrieri et al [11] 
 
There is also considerable difference in the distillation curves for ethanol  
blended fuel. Figure (2.5) shows the distillation temperatures T10, T50 and T90 
as the ethanol blend content is increased. There is a significant difference in the 
T50 distillation temperature for a 10% ethanol blend compared to 20%. This is 
the temperature at which 50% of the fuel will be vaporized. The net effect of the 
potential for a higher RVP and lower distillation temperature is for the vehicle 
evaporative system to have to store more vapour and/or allow it leak into the 
atmosphere. This is compounded by the fact that carbon canister used to store 
vapour before being emitted into the engine appear to lose working capacity 
when ethanol blends are introduced. Alcohols are preferentially stored by the 
canister, and not as effectively purged, so the canister efficiency may be reduced. 
This may lead to an effective reduction in the working capacity of the canister, 
which can then lead to increased evaporative emissions [15], [16] 
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Figure (2.5) the distillation temperatures with high blending ethanol  
2.4.2 Fuel Quality. 
Fuel quality can have dramatic effects on vehicle performance under certain 
conditions. Two significant issues of fuel quality are those of anti-knock and 
volatility. Knocking can limit the amount of engine power available and give rise 
to catastrophic engine damage, while changes to the volatility of the fuel can 
have significant effects on the derivability of the vehicle, [14], [17].  
2.4.3 Reid Vapour Pressure  
The addition of ethanol to gasoline results in an increase in the vapour pressure. 
Guibet [18] states that increases in the Reid Vapour Pressure (RVP) of 6 – 8 kPa 
can be expected with ethanol additions of only 3% to base gasoline with normal 
volatility. This increase in RVP is confirmed by Owen & Coley [18]. The RVP is 
a measure of the vapour pressure of a liquid as measured by the ASTM D 323 
procedure and is commonly applied to automotive fuels. It is usually used as a 
test to define the volatility of the fuel. Table (2.2) shows the change effect of an 
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addition of 10% and 20% ethanol on the RVP of the base gasoline fuel using data 
from Owen & Coley. 
Table (2.2) Increase in RVP with ethanol addition 
Volume % Ethanol added RVP (kPa) 
0 62 
10 67.3 
20 69 
2.4.4 Distillation curve.  
Three regions of the distillation curve are important for the behaviour of a fuel in 
an engine [14], [19]. The front end, defined by Owen and Coley [14] as the 
compounds in the fuel having boiling points up to approximately 70
o
C, is the 
first to be distilled over. This controls the ease of starting and the likelihood of 
hot weather problems such as vapour lock occurring. The mid-range effectively 
controls the way the vehicle drives in cold weather. In particular it has a 
significant bearing on the warm-up behavior of the engine in terms of the time 
taken for the engine to warm-up. Two further important factors are the 
operational readiness of the hot engine and the behavior of the hot engine under 
acceleration. The percentage of the fuel compounds that vaporize at 100
o
C 
determines the engines behavior under the operational conditions just described 
[14], [19], [20]. The midpoint of the gasoline’s distillation curve has been used 
as the principle cold weather derivability control parameter [20]. The final region 
contains all the heavier compounds. These compounds have high heat content 
and are important in improving fuel economy when the engine is fully warmed 
up. A further requirement on this region is that at a temperature of 180
o
C, the 
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volume evaporated should be of a significant level so as not to cause dilution of 
the engine oil through these compounds finding their way into the engine 
crankcase by passing the piston rings as liquids [14].  
The ASTM D86 Distillation test is also used to define the gasoline volatility, 
producing a curve similar to that of the base gasoline as shown in Figure (2.6). 
Figure (2.6) shows the effect of oxygenates on the distillation curve for Indolene 
HO III fuel with a RVP of 62 kPa (9 psi) from Owen and Coley [14]. 
Considering only the distillation curve for the gasoline, it can be seen that 
displacing the distillation curve downwards the gasoline will become more 
volatile and the RVP will increase. Should the distillation curve be displaced 
upward, the gasoline becomes less volatile with a correspondingly decreasing 
RVP.  Following [14], it should be noted that weather conditions, particularly 
ambient temperature, influence the choice of volatility required for satisfactory 
vehicle operation. Altitude has a small effect due to the atmospheric pressure 
influencing the rate of evaporation of the fuel. Vehicles themselves vary 
significantly in terms of the way they respond to fuel volatility, some being very 
tolerant while others exhibit severe drivability problems if the fuel volatility is 
not matched closely to the prevailing weather conditions. The vehicle design 
aspect which is the most important factor in this respect is the proximity of the 
fuel system to hot engine parts. Clearly, setting the volatility specifications of the 
fuel is a compromise that is influenced by the prevailing weather conditions, 
geographical location and the characteristics of the vehicle population, 
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Figure (2.6) Effect of Oxygenates on Distillation [16] 
Figure (2.5) shows the effect of adding 10% by volume of ethanol to the base 
gasoline. Clearly, this results in the front end to the mid region of the curve being 
heavily distorted in terms of significantly increasing the volatility of the fuel in 
these regions. Wagner et al. [17] also shows a similar curve to Figure (2.6) for a 
10% ethanol blend and explains that the addition of ethanol into gasoline has 
significant and curious effects on the volatility of the blend. Further, data from 
Guerrieri et al. [11] Figure (2.5)shows that the effect of 20% ethanol addition to 
gasoline continues to increase the volatility of the blend with further decreases of 
both the T50 and T90 distillation temperatures. The T50 term is used to denote 
the temperature at which 50% by volume of the fuel will evaporate, and 
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therefore T90 is the temperature at which 90% of the fuel will evaporate.  
The reductions seen in T50 and T90 between 10 and 20% ethanol are greater 
than the reductions from neat gasoline to the 10% ethanol blend, demonstrating a 
non-linear trend. Beyond the 20% ethanol addition, the T50 distillation 
temperature remains relatively constant while the T90 distillation temperature 
continues to fall as ethanol is added up to 40% by volume. For example, the T50 
for the gasoline was 103
o
C, for 10% ethanol the T50 was 89.4
o
C and for the 20% 
ethanol blend T50 was 72.8
o
C. 
 2.4.6 Octane Number  
The Research Octane Number (RON) and the Motor Octane Number (MON) as 
determined by the usual ASTM procedures are used by many authors to indicate 
that when gasoline is blended with alcohol an increase in the fuel octane occurs 
over the base gasoline [21]. There is however, some question as to whether the 
conventional octane measures of RON and MON give a reliable guide as to the 
on road octane performance of the fuel when alcohol is blended with gasoline 
[22]. This question is particularly raised when ethanol is blended with gasoline 
[2], [14]. Though Owen and Coley [14] also state that other work has shown 
satisfactory correlation between RON, MON and the road octane performance of 
the ethanol gasoline blend. The on road octane performance is described by the 
road octane number since it is obtained by testing on the road according to Owen 
and Coley. To carry out such fuel ratings on the road, the spark timing of the 
engine is adjusted to find a setting which gives trace knock for the particular fuel 
and driving mode, whereas when measuring octane requirements through RON 
and MON, the fuel quality is varied to find the octane level at which trace knock 
occurs. Using methanol, which Brinkman et al. [22] suggests gives a comparable 
effect to that of ethanol, the authors show that the addition of methanol to the 
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base gasoline increases the RON in an almost linear fashion in proportion to the 
concentration of methanol added, while the MON initially increases and then 
plateaus beyond approximately 15% addition of methanol by volume, Figure 
[2.5] shows this trend. Other authors, [21], [17] also show the known trend of 
increases in RON and MON with addition of ethanol to gasoline. It should be 
noted that fuel sensitivity increases with the increasing margin between the RON 
and MON, defined as (RON – MON), by Brinkman et al. and Heywood [24], 
Figure (2.6) clearly demonstrates the increase in fuel sensitivity with increasing 
alcohol content of the fuel. A further trend that can be observed from the 
reviewed literature is the lower the octane number of the base gasoline, the 
higher the increase in octane number when ethanol is added. Table (2.3) shows 
this trend. Owen and Coley [14] report on a study where a wide range of 
oxygenates, including ethanol, were blended with gasoline such that the RON 
and MON were kept constant. The study showed that with a low level of olefins 
(10%) in the base gasoline, an improvement to the accelerating knock 
performance 
Table (2.3) Effect of Ethanol Addition on Octane Number 
Author Gasoline MON RON  %Ethanol 
added 
MON RON 
Szwarc and Branco [22] Regular 73 - 20% 81 - 
Wagner et al. [17] Regular 83 92 10% 85 96 
Regular - 89 18% - 97        
Birrell [21]   Premium   - 97 15% - 102 
Mooney et al. [12] ULP 
Unleaded  
petroleum 
- 92.9 30% - 102.6
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Owen and Coley [14] report on a study where a wide range of oxygenates, 
including ethanol, were blended with gasoline such that the RON and MON  
were kept constant. The study showed that with a low level of olefins (10%) in 
the base gasoline, an improvement to the accelerating knock performance with 
addition of oxygenate over the base gasoline was found, with a reduction. 
2.4 .7 Phase Separation  
Water of up to a concentration of 50 ppm at ambient temperatures will remain in 
solution with gasoline causing no fuel system related problems. Ethanol has an 
affinity for water and should the water content of an ethanol gasoline blend 
increase, phase separation or de-mixing is likely to occur. This process is 
temperature dependent occurring more readily at lower temperatures with lower 
ethanol content and therefore more readily at higher temperatures with higher 
ethanol content [18]. The temperatures mentioned are in the ambient temperature 
range.                                                                
2.5 Adapt engine for ethanol 
The fundamental differences between alcohol and gasoline fuels can  be 
understood with the actual conversion of a conventional gasoline-burning engine 
to alcohol use.  The three major changes in (main jet, idle jet, and timing) will be 
presented here blew.  
2.5.1 Main jet changes  
 The first thing to be altered is the main metering jet in the carburetor. In most 
carburetors, this is a threaded brass plug with a specific-sized hole drilled 
through the center of it. This hole is called the main jet orifice, and its diameter 
dictates how rich or lean the air/fuel mixture will be when the car is traveling at 
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cruising speeds. Naturally, the smaller the hole is, the less fuel will blend with 
the air and the leaner mixture will be. As the orifice is enlarged, the mixture gets 
richer since alcohol requires a richer air/fuel ratio, it's necessary to enlarge the 
main jet orifice when using ethanol fuel. It’s necessary to enlarge this opening 
from 20 to 40% to operate the engine successfully on alcohol fuel. 
2.5.2 Idle orifice changes 
Most carburetors will require additional idle circuit enlargement in order for the 
engine to run at low, or idle speeds. This is because the circuit that's fed by the 
main jet operates fully only when the throttle plate within the throat of the 
carburetor is opened past the idle position. When the plate is in the idle position, 
the air/fuel mixture is allowed to enter the manifold only through the idle orifice 
itself which, if it isn't large enough, will not provide the needed amount of 
air/fuel blend to keep the engine running. On some engines, it may only be 
necessary to loosen the idle mixture screw at the base of the carburetor in order 
to provide the correct amount of fuel, since this threaded shaft has a tapered tip 
which allows more mixture to pass as the tip is backed off. On other engines, it's 
possible that the seat itself, into which the tapered screw extends, must be 
enlarged in order to accomplish the same thing. In most cases, if the seat has to 
be bored out, it can be enlarged by 50%, using the same method of measurement 
as was detailed in the main jet section. 
2.5.3 Power valve changes 
Most modern auto carburetors have what is known as a power valve that allows 
extra fuel to blend with the air/fuel mixture when the accelerator is depressed, in 
order to enrich the mixture under load conditions. This vacuum-controlled valve 
is spring loaded, and shuts off when it isn't needed in order to conserve fuel. 
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2.5.4 Accelerator pump changes 
In addition to a power valve, almost all automotive carburetors utilize an 
accelerator pump. This is a mechanically activated plunger or diaphragm that 
injects a stream of raw fuel directly down the throat of the carburetor when the 
accelerator is suddenly depressed. The fuel is injected through a small orifice 
located in the throat wall at some point above the carburetor venture (the point at 
which the throat narrows). The reason the accelerator pump is incorporated into 
modern carburetors is that as the accelerator is pressed and more air/fuel mixture 
is drawn into the cylinders, some of the liquid particles in the blend tend to stick 
to the walls of the intake manifold, effectively leaning out the mixture by the 
time it reaches the combustion chambers. The extra fuel that's added by the 
accelerator pump makes up for this initial lean condition. 
2.5.5 Choke alteration 
Although it's not absolutely necessary to adapt the choke system to burn alcohol 
fuel, it has been experienced that a manually operated choke is more desirable on 
an alcohol-powered car. A manual choke conversion kit that will allow virtually 
any automatic choke is to be adapted for manual control. 
2.5.6 Ignition timing 
In order to take advantage of the great antiknock qualities that alcohol fuel 
provides. One has to advance the engine's ignition timing by turning the 
distributor housing opposite to the direction in which the rotor spins. Since 
alcohol has a higher "octane" rating, one can advance the timing considerably 
more than this. The best procedure is to set the distributor timing at least two 
degrees retarded from the point of detonation. 
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2.5.7 Compression ratio changes  
Increasing the compression ratio of the engine, this modification will do a great 
deal to improve engine performance and economy. Just like a timing advance 
compression ratio hike will take advantage of the potential that alcohol has to 
offer as a fuel. Optimally, the ratio can be increased to 14- or 15-to-1 ... but even 
a nominal increase - to perhaps 12-to-1, a figure that some manufacturers have 
already offered in the past for premium gasoline use. The most inexpensive way 
to increase the compression ratio is to install a set of high compression pistons. 
Another way of increasing compression ratio slightly is by "milling'' (planing) 
the surfaces of the cylinder head and/or block. A third - and perhaps the most 
versatile - way of effectively increasing the compression ratio is by installing a 
supercharger or turbocharger.  
2.5.8 Fuel preheating  
In extremely cold climates, it may be necessary to preheat your alcohol fuel 
before it enters the carburetor float bowl. This can be accomplished easily by 
splicing into the fuel feed line - near the point where it passes the upper radiator 
hose - and installing a fuel heater at this location. 
2.5.9 Air preheating 
Most trucks and autos have air filter housings which are designed to allow heated 
air from around the exhaust manifold to channel through a duct and enter the 
carburetor when the engine first starts from a cold state. As the engine warms up, 
a flap within the air cleaner "snorkel" shuts off this supply of warm air and 
allows ambient air from the engine compartment to enter in its stead. In order to 
get maximum efficiency from your engine, you may need to change the within 
the engine block.  
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2.6 Previous work 
The air pollution caused by automobiles and motorcycles is one of the important 
environmental problems to be tackled. Since using ethanol–gasoline blended 
fuels can ease off the air pollution and the depletion of petroleum fuels 
simultaneously, many researchers [25], [26], [27] have  devoted themselves to 
studying the effect of these alternative fuels on the performance and pollutant 
emission of an engine. Palmer [28] used various blend rates of ethanol–gasoline 
fuels in engine tests. Results indicated that 10% ethanol addition increases the 
engine power output by 5%, and the octane number can be increased by 5% for 
each 10% ethanol added. Abdel-Rahman and Osman [29] recently had tested 
10%, 20%, 30% and 40% ethanol of blended fuels in a variable-compression-
ratio engine. They found that the increase of ethanol content increases the octane 
number, but decreases the heating value. The 10% addition of ethanol had the 
most obvious effect on increasing the octane number. Under various compression 
ratios of engine, the optimum blend rate was found to be 10% ethanol with 90% 
gasoline. Mahmoud (29 ) testing showed that increasing the blending ratio from 
pure gasoline to pure ethanol leads to increase of about 12% in engine out put 
brake power and of about 8.5% brake thermal efficiency near stiochiometric 
condition at a speed of 900 rpm , the specific fuel consumption increases by 
about 24% near stiochiometric condition.
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Chapter Three 
Experimental work 
3.1 Experimental set–up  
The test rig used was located in the thermodynamic Laboratory of the Sudan 
University of Sciences and Technology. The test engine used was a TOYOTA R 
12 vertically arranged four cylinder spark ignition engine 4-stroke naturally 
aspirated, water-cooled. The engine has a horizontal shaft, overhead valve design 
with a carburetor type fuel system. The power rating is 90 Horse Power (69kW) 
at 5400 rpm (rev/min). The engine specification and details of instrumentation 
are described in Table (3.1) below 
Table 3.1 Engine Specifications 
 
TOYOTA 12 R, 4–stroke, 4–cylinder 
water-cooled SOHC spark ignition Model and Type 
80.5 (3.17) Cylinder bore, mm [in.] 
78.0 (3.07) Piston stroke, mm [in.] 
8.5:1 Compression ratio 
1587 (96.8) Piston displacement, cc (cu.in.) 
 
90.0/5400 
Maximum Horse Power (SAE – gross), 
HP/rpm 
 
13.5/3000 
Maximum Torque (SAE – gross), kg – 
m/rpm 
 
0.20 (0.008) 
0.36 (0.014) 
Valve clearance (at cold) 
Intake mm [in] 
Exhaust mm [in] 
BTDC STATIC 8
0
 Injection timing, degrees /rpm 
1 – 3 – 4 – 2 Firing order 
4.9 – 5.7 Engine oil capacity, liters 
10.0 Coolant capacity, liters 
40.0 Fuel tank capacity, liters 
1984 Manufacturing date 
About 7 year Working life 
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3.2 Dynamometer System 
An engine dynamometer H.P.A 1432 Andersen a water-brake dynamometer, 
with a precision water pressure control was used to load the engine. The water 
flow rate was changed by a fine metering valve in order to change the engine 
load or speed. A direct coupling was used between the engine and the                    
dynamometer which was used to measure the performance of engine. The 
apparatus consists of three main components: a custom built engine stand to 
mount the engine on, a water-cooled brake used to apply a load, and a data 
acquisition and control system for collecting data and controlling the engine and 
the brake. The engine-dynamometer test rig was instrumented with a crankshaft 
encoder, temperature sensors. A volumetric fuel flow measurement system was 
employed to measure the fuel flow rate into the engine.   A photograph of the 
dynamometer system with labels identifying the major parts is shown in figure 
3.1. 
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Figure 3.1 photograph of the test rig. 
3.3 The engine  
 The engine to be tested is mounted on a movable support stand that consists of 
four plates upon which the engine is bolted to. This enables the dynamometer to 
accommodate a range of different sizes of engines. The
Engin
Couplin Movable support stand Water in     Water 
Dynamomet
er 
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support stand slides along a grooved base plate to maintain alignment while 
providing various mounting locations for the different engine sizes. universal 
joint is used to coupling between the engine and  the dynamometer  
 
 
Figure 3.2: Control panel for exciting dynamometer 
 
3.4 Test Conditions 
All the performance tests were carried out with the. In all the tests, the cooling 
water temperature was kept at 80°C. The temperature of the lubrication oil was 
kept at 80°C during the performance tests. The test room temperature was kept at 
25°C during the performance tests.  
 
 
Speed 
meter
Torque 
 Oil 
temperature
Cooling Water 
temperature 
Brake Water 
temperatur
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Figure 3.3: fuel consumption measuring system 
 
3.5 Experimental Procedure 
All tests were conducted at steady state conditions after the engine had reached 
its operating temperature. The engine was set at the desired speed and the load. 
To improve confidence level the tests were repeated three times for each speed, 
fuel and different open throttle. 
3.5.1 Preparation 
Some work was done before starting the tests:  
1. Marks were made for 1\8, 1\4 throttle opening on carburetor arm and tied 
with wire in accurate position.  
2. External water tank was connected instead of direct water intake. 
Test
   Digital Balance 
Fuel line to 
Screen        
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3. Weighing fuel system replaced the old volumetric fuel flow measurement     
system. 
4. The speedometer is calibrated with another device (crypton diagnostic 326 
motor scope) 
A check-list is used to prepare for each experiment. The list starts by charging 
the batteries for the engine starter the night before because it requires eight hours 
for a full charge. 
 On the day of the test, each experiment begins by the following prescribed steps: 
1. Turn on the engine; the process takes approximately five minutes to 
complete the warm up. 
2. Prepare a fresh mixture of fuel consisting of E5, E10, E15, ratio of regular 
unleaded gasoline and ethanol. The new fuel tank is filled and the fuel line 
is then connected to the carburetor. After the balance scale is zeroed, the 
fuel tank is placed on it. 
3. Check the throttle mark position to make sure that the throttle opening  is 
rightly positioned. 
4. Check the oil filter, air filter and fuel filter to make sure they are in good 
condition. 
5. Check the coupling to make sure it is bolted securely to the end of the 
driveshaft. 
6. Check all sensors and wires for secure attachment and proper clearance 
from moving parts, hot surfaces, etc.  
7. Check the water tank level for both engine and dynamometer. 
8. Turn on the power supply and cooling water for the dynamometer’s 
absorber. 
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9. The torque meter used for the torque measurements was zeroed before 
starting experiment. 
10. The data sheet was prepared and labeled before starting the testing 
3.5.2 Operation 
After completion of the preparation check list, the engine is started. Each test 
point is measured at a set speed with a fixed throttle position. Once the engine’s 
torque, temperature and other properties have stabilized the engine speed is then 
set to subsequent test points in order to cover the available operating RPM range 
for that particular throttle setting .At each test point, the engine requires 
approximately 1 to 2 minutes to stabilize before data is collected. The throttle 
position is then changed and the RPM range is swept again in a similar fashion. 
The tests are repeated for the following throttle settings: 1/8, and 1/4 throttle 
openings.  
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Chapter Four 
Experimental result and discussion 
4.1 Introduction 
Ethanol contains an oxygen atom in its basic form; it therefore can be treated as a 
partially oxidized hydrocarbon. When ethanol is added to the blended fuel, it can 
provide more oxygen for the combustion process and leads to the so-called 
“leaning effect”. Owing to the leaning effect under some operating conditions, 
the engine power slightly increases.  
Fig.(4-1) The dependence of the engine power on speed, when we use fuel and E 
10 blend, is displayed. It may be seen that due to better combustion conditions 
and lower temperature in the intake manifold the engine power increases when 
ethanol is added due to oxygen in ethanol composition the combustion process 
improves in the engine cylinders. However, specific fuel consumption Fig.(4-2) 
slightly increases, approximately by 1-2 %. It is obvious because the heating 
value of ethanol is 1.6 times less than that of gasoline. 
4.2 Data Analysis 
The data acquired from each experimental set-up shown in tables. It was then 
convert to excel data sheet to calculate the principal engine performance 
parameters such as torque, Brake mean effective pressure, brake power output, 
and efficiency. 
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4. 3 Calculations 
 The following equations were used to obtain  brake Power (B.P), Brake Specific 
Fuel Consumption (B.S.F.C) Brake Mean Effective Pressure (B.M.E.P) and the 
Brake Thermal Efficiency (ηb.th)[30]. 
 1- The brake power output is given by: 
          ........................................................................[4−1] 
Where: 
        T = engine torque.  
       N = rotational speed of the output shaft in (rpm). 
2- The brake specific fuel consumption is given by: 
3
 ……………………………………. [4-2] 
Where 
      =fuel mass flow rate in kg/s. 
3-The thermal efficiency of the engine is: 
             …………………………………   [4-3] 
Where 
       Q= the energy density of the fuel (44.5 MJ/kg)  
4- Brake mean effective pressure is given by 
             /ALNn…………………………… [4-4] 
Where 
    A = area of cylinder (m2) 
    N = rpm 
    n =   number of cylinder 
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    L = length of stroke  
4.4 Observation 
   An experimental program has been carried out using a 4- cylinder, 4-stroke 
spark ignition engine for regular motor gasoline and blend mixtures at different 
throttle opening (1/4,1/8) and variable speeds. The logged observations were: 
a. Engine speed in rpm. 
b. Torque in Nm. 
c. Fuel Mass flow rate [obtained by using a weighing balance and a stop 
watch] 
4.5 Experimental results 
Tables (4.1) to (4.8) show the recorded experimental when using pure gasoline 
and the different blends at different operating conditions. 
Figure (4-1) to figure (4-10) show the graphs obtained from the tables (4-1) to 
(4-8). There are five types of graphs for the pure ethanol and the blends 
described as follows:- 
a. Graph of brake power versus speed. 
b. Graph of brake torque versus speed. 
c. Graph of brake specific fuel consumption versus speed. 
d. Graph of brake mean effective pressure versus speed. 
e. Graph of brake thermal efficiency versus speed.
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Table (4.1) Engine Performance at E0 % 1/4 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no 
Throttle 
position 
0.15 0.5 6.7 0.5 3.6 0.01 10 25 2550 1 
0.17 0.8 8.4 0.5 3.9 0.01 9.2 40 2000 2 
0.20 1.0 9.2 0.4 3.8 0.01 9.6 50 1750 3 
0.19 1.0 8.3 0.4 3.5 0.01 10 53 1500 4 
0.18 1.2 6.9 0.5 3.2 0.01 11 60 1100 5 
0.15 1.2 5.1 0.6 2.8 0.01 13 61 800 6 
1/4 
Table 
Table (4.2) Engine Performance at E5 % 1/4 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.10 0.3 4.7 0.8 3.8 0.01 9.4 15 3000 1 
0.17 0.6 8.5 0.5 4.1 0.01 8.7 30 2700 2 
0.16 0.6 7.7 0.5 4.0 0.01 9.1 32 2300 3 
0.15 0.7 7.3 0.5 3.9 0.01 9.2 35 2000 4 
0.17 0.8 6.2 0.5 2.9 0.01 12 39 1520 5 
0.16 1.2 6.3 0.5 3.3 0.01 11 60 1000 6 
1/4 
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Table (4.3) Engine Performance at E10 % 1/4 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.11 0.8 12.4 0.7 9.0 0.01 4 40 2950 1 
0.14 1.0 14.1 0.6 8.2 0.01 4.4 50 2700 2 
0.15 1.2 12.6 0.5 6.8 0.01 5.3 60 2000 3 
0.16 1.3 12.4 0.5 6.4 0.01 5.6 66 1800 4 
0.13 1.2 9.6 0.6 6.0 0.01 6 61 1500 5 
0.12 1.1 5.3 0.7 3.6 0.01 10 56 900 6 
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Table (4.4) Engine Performance at E15 % 1/4 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.10 0.6 7.9 0.8 6.3 0.01 5.7 30 2500 1 
0.14 0.8 8.4 0.6 4.7 0.01 7.6 40 2000 2 
0.15 0.9 8.0 0.5 4.4 0.01 8.2 45 1704 3 
0.14 1.0 7.1 0.6 4.0 0.01 9 52 1300 4 
0.14 1.2 6.6 0.6 3.8 0.01 9.4 63 1000 5 
0.12 1.3 4.1 0.7 2.9 0.01 12 66 600 6 
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Figure (4.1) torque vs. engine speed (1/4 open throttle) 
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Figure (4.2) BSFC vs. engine speed (1/4 open throttle) 
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Figure (4.3) BP vs. engine speed (1/4 open throttle) 
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Figure (4.4) bmep vs. engine speed (1/4 open throttle 
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Figure (4.5) thermal efficiency vs. engine speed (1/4 open throttle) 
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4.8 Effect of ethanol blending ratio on engine performance at 1/4  
throttle opening. 
 4.8.1 Effect of ratio on torque & brake mean effective pressure:   
The highest torque was obtained at ¼ throttle opening when using E 10% and the 
maximum torque approximately equals 65 kn.m at 1750 r.p.m as shown in 
Figure (4.1) and low torque is observed at blend ratio E 5%. 
4.8.2 Effect on brake specific fuel consumption:  
As we notice from figure (4.2) the lowest fuel consumption was obtained when 
we sue the blend ratio E 0% (pure gasoline) this is due to high caloric value of 
gasoline (32MJ/litre) compare to ethanol (21.3MJ/litre). This means when 
increasing the percentages of ethanol the higher fuel consumption for the same 
power. As we accepted the highest fuel consumption at E 15% and followed by 
E 10% and E 5%. 
4.8.3 Effect on brake power: 
The highest brake power was obtained at blends ratio E 10% as shown in figure 
(4.3).The max. Brake power was found approximately equals 14Kw At speed 
1650 and followed by E 0%, E 15% and finally E 5%. 
4.8.4 Effect of ratio on thermal efficiency: 
Thermal efficiency is inversely proportional BSFC thus the highest thermal 
efficiency was observed when using blend ratio E 0% and the highest efficiency 
was obtained at 1650 r.p.m. and it’s value 0.2 
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Table (4.5) Engine Performance at E0 % 1/8 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.07 0.2 1.5 1.1 1.7 0.01 21 8 1850 1 
0.09 0.2 1.7 0.9 1.6 0.01 22 11 1500 2 
0.11 0.3 2.0 0.8 1.6 0.01 23 15 1300 3 
0.12 0.3 2.0 0.7 1.3 0.01 27 17 1100 4 
0.12 0.4 2.0 0.7 1.3 0.01 27 20 950 5 
0.08 0.3 1.2 1.1 1.2 0.01 29 16 700 6 
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Table (4.6) Engine Performance at E5 % 1/8 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.03 0.1 0.8 2.7 2.1 0.01 17 5 1500 1 
0.04 0.1 0.9 1.9 1.6 0.01 22 6 1400 2 
0.06 0.2 1.2 1.3 1.6 0.01 23 9 1300 3 
0.05 0.2 1.0 1.5 1.6 0.01 23 10 1000 4 
0.03 0.1 0.5 2.8 1.4 0.01 25 7 700 5 
0.02 0.1 0.3 3.5 0.9 0.01 39 5 500 6 
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Table (4.7) Engine Performance at E10 % 1/8 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.05 0.2 1.8 1.6 2.9 0.01 13 10 1690 1 
0.08 0.3 2.2 1.0 2.2 0.01 16 14 1490 2 
0.10 0.4 2.2 0.8 1.8 0.01 20 19 1100 3 
0.09 0.4 2.1 0.9 1.8 0.01 20 22 900 4 
0.07 0.4 1.1 1.1 1.3 0.01 28 18 600 5 
0.04 0.3 0.6 2.1 1.3 0.01 29 14 400 6 
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Table (4.8) Engine Performance at E15 % 1/8 open throttle 
Bmep Bp Bsfc mf FC Time T N ηth 
kpa kW Kg/kW.hrKg/hrkg sec Nm rpm 
no Throttle 
position 
0.04 0.1 1.2 1.9 2.4 0.01 15 7 1700 1 
0.05 0.2 1.5 1.6 2.4 0.01 15 10 1400 2 
0.06 0.3 1.5 1.4 2.1 0.01 17 13 1100 3 
0.05 0.3 1.3 1.5 2.0 0.01 18 14 900 4 
0.04 0.2 0.8 2.2 1.8 0.01 20 11 700 5 
0.03 0.2 0.5 2.6 1.2 0.01 29 9 500 6 
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Figure (4.6) torque vs. engine speed (1/8 open throttle) 
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Figure (4.7) bsfc vs. engine speed (1/8 open throttle) 
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Figure (4.8) BP vs. engine speed (1/8 open throttle) 
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Figure (4.9) bmep vs. engine speed (1/8 open throttle) 
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Figure (4.10) Thermal efficiency vs. engine speed (1/8 open throttle) 
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4.9 Effect of ethanol blending ratio on engine performance at 1/8 
throttle opening 
4.9.1 Effect of ratio on torque& brake mean effective pressure:  
The high torque obtained at 1/8 throttle opening when using E 0% and the 
maximum torque approximately equals 65 kn.m at 1750 r.p.m as shown in 
Figure (4-6), and lowest torque is observed at blend ratio E 5%. 
4.9.2 Effect on brake specific fuel consumption:  
As we notice from figure (4-7) the lowest fuel consumption was obtained when 
we sue the blend ratio E 0% (pure gasoline).but there is  difference when 
comparing the highest fuel consumption in ¼ with 1/8 it is clear that the E5% is 
highest . 
4.9.3 Effect on brake power: 
The highest brake power was obtained at blends ratio E 0%  as shown in figure 
(4-8).The max. brake power was found approximately equals 2.8Kw. At speed 1 
and followed by E 0%, E 15% and finally E 5%. 
4.9.4 Effect of ratio on thermal efficiency: 
Thermal efficiency is inversely proportional BSFC thus the highest thermal 
efficiency was observed when using blend ratio E 0% and the highest efficiency 
was obtained at 1650 r.p.m. and it’s value 0.2. 
 
 
 
 
 
 
 
48 
 
 
 
 
Chapter five 
Conclusion and Recommendations 
5.1 Conclusion 
1.  Experimental investigations to study the effect of using different blending 
ratios (5%, 10%, & 15% by vol.) of ethanol –gasoline on the performance 
test in a 4-stroke, spark ignition engine were conducted. 
2. Brake specific fuel consumption increases slightly by increasing ethanol 
percentage in the blends and minimum fuel consumption was noticed 
when using the regular gasoline. 
3. The brake thermal efficiency decreases when using the different blends 
and found to be better when gasoline was used. 
4. It was noticed that, as the percentage of ethanol in the blend increases, the 
engine ran very smoothly and the probability of knock decreased 
appreciably up to 10% of blends. 
5. It can be seen from the performance curves that E10% ratio gave the best 
brake power against speed when compared to other tests. 
6.  Use of gasoline/ethanol blends in spark ignition engines could have a 
strong positive influence on the marketing of agricultural products which 
can be used to produce ethanol. 
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5.2 Recommendations for future works 
1. Engine simulation is favored in future to compare the practical 
results with results of the simulation program. 
2.  Experiments are recommended to   be done at more throttle opens such 
as ½, ¾ and full throttle opening. 
3. High ethanol gasoline blending ratio may be tested in a modified 
engine. 
4. The exhaust emission may be measured to compare their 
concentrations at different blending ratios.   
5. Many parameters like compression ratio, ignition timing and air fuel 
ratio can be changed and their effect on engine performance with high 
ethanol gasoline blending may be studied. 
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